. Bioactive compound profile of melon leaf extract . Plants express specific secondary metabolites (phytoalexin) in response to infection. Downy Mildew which infects melon plants (Cucumis melo L. 'Hikapel') caused by Pseudoperonospora cubensis Rostovtsev. Hikapel is one of superior melon cultivar produced from research in the Laboratory of Genetics, Faculty of Biology, Universitas Gadjah Mada, Yogyakarta, Indonesia. Bioactive content of Hikapel melon leaf under normal condition and infected b y Downy Mildew yet to be researched. This research aims to screen bioactive profile of Hikapel leaf extract that has potential as phytomedicine. Leaf extract is compared between healthy plants and infected by Downy Mildew. Dried melon leaf was powdered using mortar and pestle. Leaf powder was extracted using hexane solvent. Extract was analyzed using a Shimadzu GCMS-QP2010S. Analysis found useful compounds like phytol, methyl ricinoleate, methyl linoleate, methyl stearate, and 1-hexacosanol. with therapeutic activity such as antibacterial, antifungal, antioxidant, antiinflammatory, antidiuretic, antidiarrheal, lowering blood LDL-C level, insulin level booster, antiproliferative, and anticancer. Some bioactive compounds are only synthesized in Hikapel melon leaf under stress conditions.
INTRODUCTION
Indigenously, plants have been widely used in traditional medicine, now becoming popular in modern society as alternatives to synthetic medicine (Chikezie et al. 2015) . According to World Health Organization (WHO), more than 80% of world's population relies on traditional medicine as primary healthcare needs (WHO 1983 ). Even recent data shows that the use of traditional medicine in some African and Asian countries is on decline, traditional medicine still considered as important resources of medical alternatives in low-and middle-income countries (Oyebode et al. 2016) . Plants synthesize various types of organic compounds that divided into primary and secondary metabolites which vary among species (Buchanan et al. 2000; Bennet and Wallsgrove 1994) . Secondary metabolites (SMs) has numerous functions, like protecting the plants from herbivore and microbes infection, act as an attractant for pollinator insects (Kennedy and Wightman 2011; Wink 2018) , attractant for seed-spreaders animals (Wink 2018) , allelopathy agents (Kennedy and Wightman 2011) , and growth regulator (Pagare et al. 2015) . Secondary metabolites are synthesized from primary metabolites such as acetate, pyruvate, and amino acids (Sato 2014) . Secondary metabolites biosynthesis is strongly affected by environmental changes, herbal predator, pathogens, and genetic trait of the plants (Pavarini et al. 2012; Kennedy and Wightman 2011) . Typically, secondary metabolites that have pharmacological or toxicological effects in humans or animals are called bioactive compounds (Bernhoft 2010) .
Phytomedicine is generally cheaper and cause lesser side effects than synthetic drugs. Research in plant medicine has led to new drug discoveries, such as anticancer chemotherapies (Chikezie et al. 2015) . Modern research reveals more than 170.000 known secondary metabolites, and yet there's more to be discovered (Delgoda and Murray 2017) . By increasing knowledge of plant secondary metabolites over last two decades, human can extract therapeutic compounds that are difficult to artificially synthesized or not currently possible (Bhatia 2015; Belščak-Cvitanović et al. 2018) .
Phytopathogenic fungi infection could induce production of secondary metabolites (Ribera and Zuñiga 2012) . According to Bernhoft et al. (2008) , bioactive compounds in plants can be defined as secondary metabolites with pharmacological or toxicological functions towards humans and animals. These compounds are divided into 3 large groups: alkaloids, flavonoids, and terpenoids.
Alkaloids are found in bacteria, fungi, plants, and animals. Alkaloids are present approximately in 300 plant families, although some of the compounds are specifically found in specific pa*rt of the plant (Cushnie et al. 2014) . The functions of alkaloids are as a chemical defense to prevent parts of the plants consumed by insects or animals (phytoalexins) and inhibit or kill microbes (Bernhoft 2010) .
Many kinds of alkaloids are toxic for insect-like nicotine from tobacco, which is the first insecticide used by humans (Steppuhn et al. 2004) . The herbivore that consumes the parts of the plant will make the plant stimulates certain alkaloids biosynthesize (Buchanan et al. 2000) . Flavonoids consist of many different components and have wide functions. The interaction between plants and animals can occur due to the presence of flavonoids, either to invite or prevent pathogens and herbivores. Colors in flowers and fruits attract pollinators and animal seed dispersers by flavonoid compounds such as pelargonidin, delphinidin, and cyanidin (Ferreyra et al. 2012) . Several types of flavonoids also work to protect radiation from UV-B (Bernhoft 2010; Buchanan et al. 2000) . Terpenoids are hydrocarbon compounds with formula (C5H8)n. Naturally, terpenoids are found in plants and have many structural variations. Terpenoids functions in plants are to attract pollinators, inhibit competing plants, and antimicrobial activity (Bernhoft 2010) . One of that plant's purposes to produce terpenoids is as a defense from fungi, so that the plants that able to synthesize certain terpenoids are resistant with fungal attacks (Bohlmann and Keeling 2008) .
Melon (Cucumis melo L.) is a fruit-bearing plant of Cucurbitaceae family from Persia in the Mediterranian, on the border of West Asia, Europe, and Africa (Parle and Kulwant 2011) . Cucumis melo L. cv. Hikapel is a new cultivar of melon developed by Laboratory of Genetics and Breeding, Faculty of Biology, Universitas Gadjah Mada (UGM), Yogyakarta, Indonesia. Melon cv. Hikapel has non-netted skin, orange-fleshed honeydew melon. Hikapel fruit contains bioactive compounds such as ascorbic acid, phenolic, flavonoid, and carotenoid (Daryono and Nofriarno 2018; Wulandari et al. 2016) .
Other than the fruit, melon plant's stem have numerous advantages. Chinese traditional herbs use the powder of melon's stem as the main staple to cure indigestion, acute hepatitis, liver cirrhosis, and cancer (Chen et al. 2009 ). Analysis of melon's stem extract content shows a large number of volatile components: triterpenoids, sterol, and flavonoids. The cucurbitacin has been proven to have cytotoxic and anti-cancer activity. From pharmacological side, this compound is hepatoprotective, can be used as laxative, anti-microbial, anti-inflammatory, and antifertility activity (Chen et al. 2009 ).
MATERIALS AND METHODS

Procedures Plantation
Research was done from September through December 2015. Hikapel seeds were provided by Laboratory of Genetics and Breeding, Faculty of Biology, Universitas Gadjah Mada (UGM), Yogyakarta, Indonesia. Healthy Hikapel plants were field-planted in Polengan, Madurejo, Yogyakarta. Naturally infected Hikapel plants by Downy Mildew were field-planted in PIAT UGM, Yogyakarta, Indonesia.
Hexane extraction
Extraction of bioactive compounds from leaf powder was done in Plant Structure and Development Laboratory. Tools needed for leaf sample extraction are mortar and pestle, beaker 100 ml, Erlenmeyer 50 ml, oven, analytical scale, and GCMS-QP2010S Shimadzu. Materials needed are healthy and infected Hikapel powdered leaf and nhexane.
Plant bioactive compound was extracted by maceration method. The samples were sliced and dried in an oven at 57°C for 24 hours. After drying, the sample is crushed until smooth and weighed as much as 0.5 gr. Dried sample was extracted with 25 ml hexane solvent, stirred and allowed to stand for 24 hours. Solvent was filtered with filter paper 3 times and dried until it evaporated and formed a precipitate at the bottom of the porcelain plate. Precipitate was redissolved in 5 ml of n-hexane.
GC-MS analysis
Bioactive content analysis using GC-MS was done in Organic Chemistry Laboratory, Faculty of Mathematics and Natural Sciences, UGM, Yogyakarta. Three μl of the solution was injected in a Shimadzu GCMS-QP2010S gas chromatography, with initial temperature of 100°C and final temperature of 300°C. The type of column used is Agilent HP 1MS, the type of detector is FID set to 300°C, the injector temperature is 300°C and the carrier gas is helium.
Data analysis
The result of gas chromatography is a compound chromatogram profile. Spectra from GC-MS results are compared with WILEY229.LIB and NIST62 library containing spectra database, so it can be seen the possibility of the compounds contained in the sample.
RESULTS AND DISCUSSION
In this study, n-hexane solvents were used, so that the detected compounds belong to the fatty acid and terpenoid groups. Fatty acids are the primary metabolites of plants, while terpenoids are included in secondary metabolites. Figure 1 shows gas chromatography chromatogram analysis showing 21 detected peaks on the healthy leaves and 19 peaks on the infected leaves.
The compounds representing each peak from Figure 1 are presented in Table 1 . Based on the results of GC and GC-MS analysis, there is a difference in chemical profile between healthy melon leaf extracts versus those infected. This data shows that there's some compound only synthesized under fungal infection by Pseudoperonospora cubensis.
Chemical profile of melon leaf extracts shown that there are 17 and 19 different compounds detected in healthy and infected leaf respectively. Differences in the number and type of compounds can occur due to infected leaves, a certain metabolic response that aims to fight the infecting fungi. Plant responded against infection in the form of production of certain secondary metabolites that have antimicrobial activity. Based on the results of GC-MS analysis in Table 1 , there are differences in chemical profile between healthy melon leaf extract compared to those infected. Chemical profile of the melon leaf extract shows there are 17 and 19 different compounds detected in healthy and infected leaf respectively. Differences in the number and type of compounds can occur due to infected leaves, a certain metabolic response that aims to fight the infection.
Some compounds detected in the leaf extract have medicinal properties that could be potential as phytomedicine. Phenol, 2,4-bis (1,1-dimethyl ethyl) is an alkylated phenol and it is found in both healthy and infected melon leaf extract. According to Dehpour et al. (2012) , this compound has antibacterial activity against 5 bacteria strains (Proteus mirabilis, Enterobacter cloacae, Klebsiella pneumonia, Staphylococcus aureus, and Bacillus subtilis). This compound also has antifungal activity that reduced growth of Aspergillus and Phytophthora cinnamomi at a concentration of 100 µg/ml (Rangel-Shancez et al. 2013) .
Terpenoid compounds found in leaf extract are neophytadiene, phytol, 4,8,12,16-tetramethylheptadecan-4olide, and 6,10,14-trimethyl-2-pentadecanone. From four terpenoid detected, all compound has the same area compared between healthy and infected, except 6,10,14trimethyl-2-pentadecanone that is only found in infected leaf. Neophytadiene is a potent antimicrobial and antiinflammatory compounds. This terpenoid also has antifungal and antioxidant properties (Venkata et al. 2012 ). According to Pejin et al. (2014) , phytol has antimicrobial activity against Enterococcus faecalis better than Gentamicin or Ampicillin in vitro. Phytol also has effect to boost insulin level in type-2 diabetes (Venkata et al. 2012 ). It has anticancer and antidiuretic activities as described by Abdel-Aal et al. (2015) . Phytol can act as antinociceptive agent when administered intraperitoneally (i.p.) to mice exposed to chemical and thermal nociception. It also has antioxidant activity in vitro to remove hydroxyl radicals, nitric oxide, and prevent thiobarbituric acid reactive substances or TBARS (de Menezes et al. 2013) . Research demonstrated by Song and Cho (2015) shows that phytol induces apoptosis and ROS-mediated protective autophagy in human gastric adenocarcinoma (AGS) cells. Parasitic activity of phytol as described by Moraes et al. (2014) showed it can decrease motor activity, reducing eggs produced, and tegumental damage of S. mansoni. Significant reduction of S. mansoni by phytol offers potential substitutes to global reliance on Praziquantel, single drug for schistosomiasis. According to Perumal et al. (2014), 4,8,12,16-tetramethylheptadecan-4 -olide has potential as anticancer medicine because it agonize Peroxisome Proliferation-Activated Receptor gamma (PPARγ), a nuclear receptor family expressed in several types of cancer cells. 6,10,14-trimethyl-2-pentadecanone, the only terpenoid detected in infected leaf has antibacterial and antifungal activity (Balogun et al. 2017) . (Pinto et al. 2017) , antidiarrheal and antiproliferative (Kuppuswamy et al. 2013) Fatty acid was also detected in the leaf extract. Isopropyl palmitate was detected in both healthy and infected leaf extract, while methyl linoleate was only detected in infected leaf. Methyl linoleate has antioxidant and antifungal properties (Pinto et al. 2017) . Fatty acid can be synthesized as plant responses to overcome fungal infection which targets fungal cell membrane. Fatty acid with antifungal activity can enter and become part of the lipid bilayer of fungi cells. This can disrupt the fungi cell membrane, leading to increased membrane fluidity, disrupt cell integrity, and eventually rupturing membrane (Avis and Bélanger 2001) .
A B
Fatty Acid Methyl Ester (FAMEs) detected in Hikapel melon leaf were methyl hexadecanoate, methyl ricinoleate, and methyl stearate. Methyl hexadecanoate which was detected both in healthy and infected melon leaves has area 5.03% and 6.1% respectively. It has no significant area increase compared to methyl ricinoleate from 10.03% to 59.68% in healthy and infected leaf extract respectively. Methyl stearate was only found in infected leaf with area 10.37%. A research conducted by Pinto et al. (2017) shown that methyl hexadecanoate has antifungal activity against Paracoccicoides spp., Candida glabrata, C. krusei, and C. parapsilosis. They also reported that this compound also has antioxidant activity. Methyl ricinoleate has antioxidant activity proved by three methods: lipid peroxidation by ferric thiocyanate, free radical scavenging on DPPH, and hydroxyl radical generated from hydrogen peroxide (Oloyede 2012) . Methyl stearate has antifungal (Pinto et al. 2017) , anti-diarrheal and anti-proliferative (Kuppuswamy et al. 2013) .
There is only one compound (1-hexacosanol) belong to fatty alcohol group found in Hikapel melon leaf extract. 1-Hexacosanol was detected only in infected leaf. According to Jones and Jew (2016) , hexacosanol and other mixture of polycosanols significantly lowering blood Low-Density Lipoprotein carrying Cholesterol (LDL-C) level. This fatty alcohol suppresses HMG-CoA reductase and increases cellular LDL-C uptake.
According to Table 1 . seven hydrocarbon compounds were detected in Hikapel leaf extract, but only one compound has therapeutic properties. Heptadecane was only found in infected leaf (0.62%), and has antiinflammatory activity against aged kidney tissues (Kim et al. 2013 ).
In conclusion, detectable compounds in healthy leaves with infected leaves vary in number and type. This shows plants are changing their metabolism in response to infection. Analysis found compounds with therapeutic activity such as antibacterial, antifungal, antioxidant, antiinflammatory, antidiuretic, antidiarrheal, lowering blood LDL-C level, insulin level booster, antiproliferative, and anticancer. Some bioactive compounds were only synthesized in Hikapel melon leaf under stress conditions.
In conclusion, Cucumis melo L. 'Hikapel' is a melon cultivar produced by Laboratory of Genetics, Faculty of Biology. GC-MS analysis of healthy leaf extract and Downy Mildew-infected leaf extract with hexane showed 23 chemical components. There are differences in numbers and types of detected components between healthy and infected leaves. Some phytochemical compounds detected have therapeutic functions such as antibacterial, antifungal, antioxidant, antiinflammatory, antidiuretic, antidiarrheal, lowering blood LDL-C levels, insulin level booster, antiproliferative, and anticancer.
